ABSTRACT The balsam twig aphid (Mindarus abietinus Koch) (Homoptera: Aphididae) is a major insect pest of balsam and Fraser Þrs grown for Christmas trees. Few control methods other than chemical insecticides have been evaluated. In this study, we identiÞed insect predators associated with M. abietinus in three Þr Christmas tree Þelds in Michigan. We also conducted laboratory and Þeld studies to assess the effectiveness of augmentative releases of Chrysoperla rufilabris Burmeister (Neuroptera: Chrysopidae) for M. abietinus control. A diverse complex of predators, primarily generalists including syrphids, coccinellids, and lacewings, was observed on infested trees. Predator abundance was generally low early in spring when M. abietinus fundatrices were present, but predators became more common as sexuparae and later aphid stages appeared. In controlled laboratory tests, C. rufilabris were capable of consuming at least 35 M. abietinus per day, but were able to develop on 10 aphids per day. Average adult weight of C. rufilabris increased with the number of aphids consumed by larvae. In Þeld studies, release of one C. rufilabris larva onto caged branches with moderate M. abietinus infestations signiÞcantly reduced the density of M. abietinus overwintering eggs. In open Þeld releases, C. rufilabris larvae signiÞcantly reduced the density of M. abietinus sexuparae and overwintering M. abietinus eggs in two of three Þelds.
THE BALSAM TWIG APHID (Mindarus abietinus Koch) is a serious pest affecting balsam Þr (Abies balsamea L. Mill.) and Fraser Þr [A. fraseri (Pursh) Poir.] Christmas trees (Nettleton and Hain 1982 , Bradbury and Osgood 1986 , Kleintjes 1997a . The life cycle of M. abietinus typically begins before budbreak in early spring, when fundatrices (stem mothers) hatch from overwintering eggs. At maturity, they produce the second generation (sexuparae), which form colonies and feed on sap in newly expanding needles. Sexuparae typically mature into alate (winged) females, which disperse and produce the last generation of males and oviparous females (oviparae). Occasionally a portion of the second generation does not develop wings and produces more sexuparae, adding another generation of parthenogenic females that will become alates (Varty 1966) . In either case, the life cycle is completed by mid-to late June in Michigan (Fondren and McCullough 2003) .
Feeding by M. abietinus sexuparae causes expanding needles to become curled and distorted, reducing needle biomass and consequently tree growth (Carter and Nichols 1985 , Fondren and McCullough 2003 . When damage is heavy, currentyear needles become tightly curled and may be sticky with honeydew. These conditions can effectively protect sexuparae from contact insecticides as well as some predators (Nettleton and Hain 1982, Berthiaume et al. 2001) .
Currently, broad-spectrum insecticides are the most commonly used method to control M. abietinus (Bradbury and Osgood 1986, McCullough and Fondren 1998) . However, insecticide sprays to control M. abietinus in Christmas tree Þelds are often applied only after damaged shoots are observed (Kleintjes 1997a) . These sprays may kill some aphids, but they do not prevent or reduce damage to current-year foliage , Kleintjes et al. 1999 . Development of alternative control methods for insect pests in Christmas tree plantations has been relatively poorly studied, although interest in biological control is increasing (Kleintjes 1997b , McCullough 1999 , Fondren and McCullough 2002 . Effective alternative control options for insect pests of minor-use commodities such as Christmas trees may become increasingly important as implementation of the Food Quality Protection Act of 1996 continues (DiFonzo and McCullough 1998).
Christmas tree plantations are capable of supporting a complex of natural enemies because of their stability over a typical 6-to 12-yr rotation period and relative lack of disturbance compared with annual agricultural crops (Raupp et al. 1992 , McCullough 1999 . Conservation biological control is a practical option on tree plantations, and several methods to attract or enhance populations of natural enemies have been suggested (Räther and Mills 1989, McCullough 1999) . No parasitoids are known to attack M. abietinus in North America (Räther and Mills 1989) , but previous studies have noted predation of M. abietinus by syrphids, coccinellids, and lacewings (Varty 1966 , Saunders 1969 , Nettleton and Hain 1982 , Kleintjes 1997b , Berthiaume 1998 . Augmentative biological control is rarely used on Christmas tree plantations and has not been previously evaluated for control of M. abietinus.
Our Þrst objective in this study was to describe the complex of insect predators in Þr Christmas tree Þelds in relation to M. abietinus phenology. Predators were monitored at 1-to 2-wk intervals in three Þelds during two Þeld seasons in 1999 and 2000. Our second objective was to assess the potential effectiveness of green lacewing (Chrysoperla rufilabris Burmeister) larvae for augmentative control of M. abietinus. Development of C. rufilabris larvae provided with varying numbers of M. abietinus sexuparae was monitored under controlled laboratory conditions. Effects of C. rufilabris larvae on density of M. abietinus in the Þeld were evaluated on caged branches of infested 
Materials and Methods

Study Sites
This research was conducted on balsam Þr (A. balsamea) Christmas tree farms located in Antrim County (44Њ59Ј N, 85Њ06Ј W), Grand Traverse County (44Њ32Ј N, 85Њ29Ј W), and Ingham County (42Њ44Ј N, 84Њ33Ј W). Trees were Ϸ7Ð 8 yr old at the beginning of the study in 1999. Each Þeld was Ϸ2 ha in size. No insecticides, fertilizers, or irrigation were used during our study.
Objective 1. Predatory Insect Complex
We surveyed predators weekly throughout the aphidÕs life cycle, from late March or early April to late June or early July, in 1999 and 2000. Development of the M. abietinus population was also monitored.
In 1999, we randomly selected 10 trees each week and clipped branch tips at midcrown level from the sides facing two randomly selected cardinal directions. Trees were selected at random by walking diagonal transects in a zig zag pattern through the Þeld and selecting a tree every 20 m, excluding trees on the edges. Branch tips were immediately placed in locking plastic bags and kept in coolers. Those that could not be processed within 1 d were Þlled with 70% ETOH to preserve the insects until the branch tips could be dissected. Needles on collected shoots were carefully examined under a microscope, and all aphids and predators were removed with a camelhair brush (Varty 1966, Ehler and Kinsey 1995) . Predators were sorted to family level. When possible, syrphid larvae were identiÞed to genus using Heiss (1938) .
Processing the branch tip samples was exceptionally time consuming, however, and methods to sample insect predators were revised in 2000. Aphids and insect predators were collected weekly in 2000 by rapping the midcrown foliage of 20 trees per Þeld three times with a dowel, then counting the number of aphids and predators that fell onto black cotton cloth held in a 22.9-cm-diameter embroidery hoop. We also attached yellow sticky traps (22.9 by 28.0 cm) (Pherocon AM unbaited; Tré cé , Salinas, CA) to tree branches at the top or midcrown level of trees spaced throughout each Þeld each week to trap adult ßying predators. Yellow sticky traps have been previously used to collect adult chrysopids, coccinellids, and syrphid ßies (Neuenschwander 1984 , Ricci 1986 , Bowie et al. 1999 ). Four to Þve traps per Þeld were set out and collected weekly from early April to mid-July. Traps were returned to the laboratory and soaked in HistoClear II (National Diagnostics, Atlanta, GA) to free the insects. Insects on the traps were removed, and adult chrysopids, hemerobiids, coccinellids, and syrphids were counted and identiÞed. Adult chrysopids were identiÞed to genus using Brooks and Barnard (1990) , and Chrysoperla specimens were identiÞed to species with Brooks (1994) . Adult hemerobiids were identiÞed to genus using Oswald (1993) , and Hemerobius species were determined with Klimaszewski and Kevan (1985) . Larvae of Chrysopidae and Hemerobiidae were identiÞed to family level only. Adult coccinellids were identiÞed to species using Gordon (1985) . Adult syrphid ßies were identiÞed with Vockeroth (1969 Field Cages. In mid-May 2000, we selected a heavily infested branch on each of 30 trees and a moderately infested branch on an additional 30 trees in the Ingham County Þeld (60 trees total). Heavily infested branches were deÞned as having Ͼ65% of the currentyear shoots heavily damaged by M. abietinus. Moderately infested branches had M. abietinus damage on 10 Ð50% of the current-year shoots. After removing all visible predators from bark and foliage, we placed a gray nylon mesh sleeve cage on each branch, enclosing all shoots. Sleeve cages were tied shut at each end. Each caged branch was randomly assigned to receive zero, one, or Þve C. rufilabris larvae. Lacewing larvae were added to the cages on 23 May by gently placing them on the foliage with a camelhair brush. Branch tips from each of the cages were clipped and returned to the laboratory after aphid oviposition in mid-July. Labels on 4 and 7, respectively, of the heavily and moderately infested branch tips were accidentally destroyed, resulting in actual sample sizes of 26 and 23. Length of each current-year shoot was measured in the laboratory to the nearest millimeter. Density of aphid eggs per centimeter of current-year foliage was determined by dissecting each shoot under a microscope with Þne forceps and recording the number of eggs. Egg density on current-year foliage has been identiÞed as a suitable indicator of the number of aphids present at the end of the season, because each oviparous female lays only one to two eggs (Varty 1966 (Varty , 1968 .
In 2001, we selected three branches with M. abietinus infestations on each of 30 trees in the Ingham County Þeld just after budbreak on 1Ð2 May. Of these three branches, one was tagged but not caged, one was caged but the end of the cage was left open to allow initial access by natural enemies, and one was caged and the end was tied shut with string. Roughly 2 wk later, on 15 May, one C. rufilabris larva was added to 15 of the 30 closed cages and to 15 of the 30 open cages. The open cages were cleared of all visible predators, and the cage was tied shut. Density of aphid eggs was determined on shoots collected in July, as described for 2000.
Field Releases. In 2001, we conducted open releases of C. rufilabris in the Ingham, Antrim, and Grand Traverse County Þelds. In each Þeld, we selected 20 infested trees at opposite ends of the Þeld, Ϸ100 m apart. Lacewings were released at one end of the Þeld, while the trees at the other end served as controls. Before release of C. rufilabris and for 2Ð3 wk afterward, we sampled aphid density using beat samples, as described for the predator survey. We used the sum of aphids from each side of the tree for analyses. We released Ϸ25 Þrst-instar C. rufilabris onto each tree in the lacewing treatment group on 16 May in the Ingham County Þeld and 18 May in the Grand Traverse and Antrim County Þelds. The possibility of larvae dispersing among trees was limited because trees were spaced widely and there was no contact between foliage on adjacent trees. In addition, chrysopid larvae tend to have a negative geotactic response (New 1975) , which may further limit dispersal.
In Antrim and Grand Traverse Counties, we released additional C. rufilabris larvae on 30 May, because we had observed very high populations of M. abietinus sexuparae on 23 May, especially in Antrim County. We added Ϸ400 lacewing larvae to each of 10 trees randomly selected from the 20 trees that received the Þrst lacewing release. After aphid oviposition in late June, we clipped branch tips from the midcrown level of each of the trees, examined them for aphid eggs under a microscope, and recorded aphid egg density per centimeter of current-year foliage as before.
Statistical Analysis
The number of eggs per centimeter of current-year foliage in the Þeld cages in 2000 was square root transformed to normalize the data and meet the assumptions of analysis of variance (ANOVA). Differences in aphid egg density among trees that received zero, one, or Þve lacewing larvae per cage in 2000 were tested with a one-way ANOVA. Fisher least signiÞcant difference (LSD) multiple comparison test was applied when ANOVA results were signiÞcant (PROC GLM, SAS version 8; SAS Institute 1999). In 2001, the number of eggs per centimeter of current-year foliage in the Þeld cages was log-transformed to meet assumptions of ANOVA. Differences among lacewing treatments were tested using ANOVA and Fisher LSD. Aphid densities in the 2001 open Þeld releases were tested for homogeneity of variance, tested using ANOVA, and means were separated using Fisher LSD (Antrim and Grand Traverse Counties) or pooled t-tests (Ingham County). Density of aphid eggs per centimeter of current-year foliage in the open Þeld lacewing releases in Antrim and Grand Traverse Counties was transformed using the natural logarithm of the square root to normalize the data. Egg density data from the open Þeld lacewing releases in Ingham County could not be normalized using standard transformations, so the nonparametric Kruskal-Wallis test was used to evaluate differences in the two treatment groups (Sokal and Rohlf 1995) . All tests were conducted at a signiÞcance level of ␣ ϭ 0.05.
Results
Objective 1. Predatory Insect Complex
Syrphidae. Small predators such as syrphid ßy larvae, coccinellid larvae, and lacewing (Chrysopidae and Hemerobiidae) larvae were most common in the 1999 branch tip samples. Syrphid ßy larvae were by far most abundant; they comprised 92, 80, and 91% of the predators in the Grand Traverse County, Ingham County, and Antrim County samples, respectively. Although all syrphid larvae could not be identiÞed to species, representative samples from the Ingham County Þeld were identiÞed as Eupeodes spp., Sphaerophoria spp., and Allograpta obliqua (Say). Fluctuations in the abundance of syrphid larvae over time closely paralleled those of M. abietinus in the branch tip samples (Fig. 1) . Syrphid larvae were present throughout the M. abietinus life cycle, from the Þrst generation fundatrices to the fourth generation sexuales. Syrphid larvae were less numerous in the 2000 beat samples than in 1999, when we collected and intensively dissected branch tips. In 2000, syrphid larvae were Þrst observed at the same time as the Þrst sexuparae appeared, and syrphids continued to be found on branch tips through the M. abietinus sexuales generation (Fig. 2) . Syrphid larvae accounted for 32% of the predators found in the 2000 beat samples in Ingham County, 24% in Grand Traverse County, and 20% in Antrim County.
On the sticky traps in 2000, adult syrphids that were ovipositing, hovering near aphid colonies, or collected on sticky traps were identiÞed to species where possible. All were members of the subfamily Syrphinae, which as larvae are predators of Homoptera (Sadeghi and Gilbert 2000) . The most common genus found was Syrphus spp., followed by Eupeodes spp., Allograpta obliqua (Say), and Sphaerophoria spp.
Coccinellidae. In 1999, we identiÞed seven species of adult coccinellids associated with M. abietinus infestations. Of 77 specimens collected, 82% were Har- Chrysopidae. In the beat samples in 2000, chrysopid and hemerobiid larvae were consistently abundant relative to other predators (Fig. 2) . In 2000, adult chrysopids were also collected in each Þeld, although they were usually caught on the sticky traps later in the season. The most abundant species (83% of specimens collected) was Chrysopa oculata. It was only collected in late May or early June, after M. abietinus sexuparae feeding had damaged foliage. Larvae of Chrysopidae were identiÞed to family level only.
Hemerobiidae. Hemerobiid adults were usually among the Þrst aphid predators to be collected in the beat samples in spring (Fig. 2) , although their numbers remained low, probably because the sampling method favored less mobile insects. In 2000, adult hemerobiids were among the Þrst aphid predators to appear in spring, particularly on the sticky traps in the Þelds in Ingham and Antrim Counties. We identiÞed all of the hemerobiid adults as Hemerobius stigma Stephens, a common species known to prefer arboreal habitats and conifers in particular (Throne 1971, Stelzl and Devetak 1999) .
Objective 2: Evaluation of C. rufilabris for Augmentative Biological Control
Laboratory Trials. Chrysoperla rufilabris larvae readily consumed M. abietinus in laboratory trials. To complete development on a diet of only M. abietinus, second-and third-instar C. rufilabris required at least 10 aphids per day. Larvae in the cages consumed up to the maximum of 35 aphids per day that we provided. Larvae fed Þve aphids per day survived to the third instar but did not pupate. Only 10 adult lacewings were weighed, but the average adult weight increased with the number of aphids consumed. Average weight of four adult lacewings reared on a diet of 10 M. abietinus sexuparae per day was 4.42 Ϯ 0.59 mg compared with a mean weight of 4.90 Ϯ 2.27 mg for two adults reared on 20 aphids per day and 6.39 Ϯ 1.08 mg for four adults reared on 35 aphids per day.
Field Cages. In Þeld cages in 2000, results differed between heavily and moderately infested branches.
On the heavily infested branches, the mean density of M. abietinus eggs in cages with no lacewing was nearly 50% higher than mean egg density in the cages with one lacewing, but the difference was not statistically signiÞcant (F ϭ 1.31, df ϭ 2,23; P ϭ 0.29; Fig. 3 ). On the moderately infested branches, mean egg density was signiÞcantly lower when at least one C. rufilabris larva was present (F ϭ 3.75, df ϭ 2,20; P ϭ 0.04). Differences in the density of aphid eggs between branches that received either one or Þve lacewings were not signiÞcant for the heavily infested branches (t ϭ Ϫ0.57, df ϭ 16, P ϭ 0.58) or the branches with moderate M. abietinus density (t ϭ 1.15, df ϭ 13, P ϭ 0.27).
In 2001, introduction of one lacewing larva onto caged shoots did not signiÞcantly decrease density of M. abietinus overwintering eggs in either the closed cages or open cages (Fig. 4) . In the closed cages, mean density of M. abietinus eggs was substantially lower when one lacewing larva was introduced than in cages with no lacewing larva, but differences were not signiÞcant (F ϭ 0.72; df ϭ 1,28; P ϭ 0.40; Fig. 4A) . In the open cages, the difference in M. abietinus egg density between cages with and without a lacewing was also not signiÞcant (F ϭ 0.32; df ϭ 1,27; P ϭ 0.57; Fig. 4B ). Density of overwintering M. abietinus eggs on uncaged shoots was signiÞcantly lower than egg density on shoots in either the open (F ϭ 3.29; df ϭ 2,55; P ϭ 0.04) or closed cages (F ϭ 4.81; df ϭ 2,56; P ϭ 0.01) with no lacewing.
Field Releases. In the Ingham County Þeld, there was no signiÞcant difference in aphid density between trees in the two treatment groups 6 d before C. rufilabris larvae were released (t ϭ Ϫ1.35, df ϭ 38, P ϭ 0.19; Fig. 5 ). In early June, however, M. abietinus abundance on the lacewing-release trees was 36% lower than on the control trees (t ϭ Ϫ2.45, df ϭ 38, P ϭ 0.02). Density of M. abietinus eggs was also signiÞ-cantly lower on the trees treated with C. rufilabris (Kruskal-Wallis H ϭ 38.9, df ϭ 1; P Ͻ 0.0001; Fig. 6 ).
In Antrim County, no signiÞcant difference in M. abietinus density among treatment groups was observed 4 d before the Þrst lacewing release or 5 d afterward (Fig. 5) . Two weeks later, however, M. abietinus densities on the control trees were 66% higher than either lacewing treatment (F ϭ 12.05; df ϭ 2,37; P Ͻ 0.0001). There was no signiÞcant difference in M. abietinus density between the trees that received one or two applications of lacewing larvae (Fig. 5) . Similarly, density of M. abietinus eggs was signiÞcantly lower on trees treated with C. rufilabris (F ϭ 21.9; df ϭ 2,160; P Ͻ 0.0001) than on untreated trees, but there was no signiÞcant difference in egg density between the trees treated with one or two lacewing applications (t ϭ Ϫ0.39, df ϭ 82, P ϭ 0.70; Fig. 6 ).
In Grand Traverse County, density of M. abietinus among treatment groups did not signiÞcantly differ until mid-June, when aphid numbers on the control trees were signiÞcantly lower than on trees with either lacewing treatment (F ϭ 4.02; df ϭ 2,37; P ϭ 0.03; Fig. 5 ). Density of overwintering M. abietinus eggs did not signiÞcantly differ among trees in the three treatment groups (F ϭ 1.83; df ϭ 2,74; P ϭ 0.17). 
Discussion
We found a diverse complex of predators in Þr Christmas tree Þelds, similar to previous observations made in plantation or nursery settings (Nettleton and Hain 1982 , Ehler and Kinsey 1995 , Kleintjes 1997b , Berthiaume et al. 2000 . For example, each of the syrphid genera we collected has been previously associated with M. abietinus or the closely related M. kinseyi Voegtlin. However, predators do not always keep aphids below damaging levels (Räther and Mills 1989, Fondren and McCullough 2003) . One reason for this may be the early hatch of fundatrices in spring. M. abietinus exhibits a remarkable ability to tolerate adverse conditions including cold temperatures and late frosts. The early, relatively brief life cycle of most Mindarus aphids probably reßects an adaptation to short, subarctic summers that occur in the boreal forests where these aphids likely evolved (Hille Ris Lambers 1966) . The complex of predators in the Þelds we monitored generally have longer life cycles and generation times than M. abietinus, and predators were generally scarce in spring when fundatrices were abundant. In addition, fecundity of fundatrices ranges from 22 to 41 sexuparae (Varty 1968) , and many predators may be unable to numerically respond rapidly enough to prevent sexuparae from damaging foliage. However, we observed that the general abundance of aphid predators tended to increase over time, potentially affecting population density in the next year. This pattern could be advantageous if insecticides are necessary to control damaging populations. Insecticides applied early in spring after egg hatch but before fundatrices begin to reproduce (Fondren and McCullough 2003) should protect foliage but have less effect on predators than sprays applied later when shoot damage caused by sexuparae becomes apparent (Kleintjes 1997b) .
Most of the predators we monitored were generalists, which could limit their effectiveness as control agents. H. axyridis, for example, the most abundant coccinellid in both years in all of the Þelds we sampled, is a generalist nonindigenous coccinellid with a wide prey range (Koch 2003) . One relatively specialized predator may be Anatis mali, an indigenous coccinellid that becomes active relatively early in the spring and is usually associated with coniferous forests (Berthiaume 1998) .
The temporally synchronous ßuctuations in M. abietinus and syrphid larvae density on infested shoots present interesting possibilities. Adult syrphid ßies use aphid colonies as cues for oviposition (Sadeghi and Gilbert 2000) , and we observed this occurring on several occasions in the Þeld. The syrphid A. obliqua oviposited directly into colonies of M. abietinus sexuparae and may also be a relatively specialized predator of M. abietinus. Impacts of syrphid predation on M. abietinus may have been underestimated to date, because larvae tend to be nocturnal and are not readily visible while feeding on aphids under curled needles. Other studies have also recognized the potential for impacts of syrphid predation on aphids to be underestimated (Chambers et al. 1983) .
Results of our experiments with C. rufilabris introductions indicate that, under some conditions, C. rufilabris is capable of reducing M. abietinus population levels. In the laboratory, C. rufilabris proved a voracious predator of M. abietinus, similar to observations made by Ehler and Kinsey (1995) who worked with a closely related aphid (Mindarus kinseyi Voegtlin) on white Þr seedlings [Abies concolor (Gord. and Glend.) Lindl.].
Results from Þeld studies varied. C. rufilabris larvae signiÞcantly reduced aphid egg density on the moderately infested branches in 2000, but not on the heavily infested branches or on any of the caged branches in 2001. Nevertheless, the mean egg density on caged shoots with one lacewing was consistently lower than in cages with no lacewing, albeit not statistically signiÞcant. In addition, the variability of egg density in cages with no lacewing tended to be high. Although sleeve cages have the beneÞt of conÞning a known number of predators to a given space, they also have disadvantages. In 2000, the heavily infested shoots that were caged became sticky with honeydew, and aphids were crowded on the shoots. Such densities were probably much higher than would have otherwise occurred and likely prevented us from detecting any effects of the lacewings. In 2001, we intended to introduce the lacewings earlier but were unable to until 2Ð3 wk after cages were placed over the shoots, and aphid densities again reached unnaturally high levels. The uncaged, tagged branches we monitored in 2001 had signiÞcantly lower (by 33%) M. abietinus egg densities than caged branches with an introduced lacewing larva. Of course, uncaged branches were exposed to other predators in the Þeld, and the M. abietinus alatae had the opportunity to disperse from uncaged shoots while those on the caged branches did not. Further work is still needed to determine the relationship between M. abietinus egg density and aphid populations in the following year.
In our open Þeld releases, introduction of Ϸ25 C. rufilabris larvae per tree effectively reduced aphid populations on selected trees in two of three Þelds. In the Grand Traverse County Þeld, M. abietinus density among trees was relatively low yet highly variable, limiting our ability to observe signiÞcant effects of the lacewing introduction. The M. abietinus population in Ingham County was slightly higher than in Grand Traverse County and less variable among trees. In Antrim County, the population of M. abietinus was substantially higher, indicating perhaps that the effects of C. rufilabris may be best detected at relatively high M. abietinus densities.
The relatively short life cycle of M. abietinus may facilitate success of a relatively short-lived augmentative biological control agent such as C. rufilabris, but more study is needed to identify the optimal time for such a release. In our Þeld studies, we released C. rufilabris when sexuparae were present, ensuring that the lacewing larvae would have access to the most abundant and readily observable stage of M. abietinus. Results from our observations of insect predators, however, suggest that augmentative release of C. rufilabris larvae should also be considered early in spring when fundatrices are present but other predators are scarce. In the early spring, M. abietinus may be the only prey readily available to C. rufilabris larvae on Þr Christmas tree plantations and fewer lacewings may be needed to control the relatively low densities of fundatrices.
The second release of lacewings had little effect on M. abietinus density. Chrysoperla larvae are well known to be cannibalistic, and the large number of larvae included in the second introduction probably resulted in intraspeciÞc predation and low survival of these larvae. However, there may be a threshold beyond which additional lacewing larvae will not increase the level of control. In the 2000 study with caged branches, for example, introduction of a single C. rufilabris had as much effect on M. abietinus density as introduction of Þve C. rufilabris larvae. Further studies are needed to determine the number of lacewings necessary for effective control on trees with low, moderate, and heavy M. abietinus infestations.
Although many laboratory studies have conÞrmed the ability of chrysopids to prey on aphid pests, release of lacewing larvae at commercially practicable rates has not been extensively tested (Tauber et al. 2000) . While chrysopid larvae seem to be a potentially effective control agent of M. abietinus, we recognize that augmentative releases of C. rufilabris larvae may not yet be economical for large plantations. However, C. rufilabris may be useful on smaller farms or on ornamental trees infested with M. abietinus. In addition, many Chrysoperla species have shown resistance to common insecticides (Ridgway and Jones 1968 , Rumpf et al. 1997 , Tauber et al. 2000 , and augmentative release of Chrysoperla could perhaps be integrated with judicious application of insecticides. Eggs of C. rufilabris are commercially available and are less expensive than larvae. Release of lacewing eggs, however, is generally less likely to provide adequate control of a target pest than release of larvae (Ridgway and Murphy 1984 , Ehler and Kinsey 1995 , Daane et al. 1996 , Daane and Yokota 1997 . Eggs are also vulnerable to parasitism (Alrouechdi et al. 1984 ) and ant predation (Dreistadt et al. 1986) .
Currently, a variety of mechanical methods to release C. rufilabris larvae such as backpack sprayers and tractor-pulled sprayers are being tested (Tauber et al. 2000) , and some may have potential application in Christmas tree plantations. However, the effectiveness of mass-released lacewings can vary signiÞcantly with the release rate, release method, and even intraguild predation in the Þeld (Tauber et al. 2000) . Further evaluation of release methods is needed to reÞne cost-effective protocols for using C. rufilabris to control M. abietinus. Problems associated with conventional insecticides, including secondary pests such as spruce spider mite [Oligonychus ununguis (Jacobi)] ) and emerging interest in organically grown Christmas trees may help to hasten development of augmentative biological control methods for Þr Christmas tree production.
